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Introduction
Monetary policy analysis for emerging market economies has traditionally been conducted with open economy extensions of models that are mainly relevant for advanced economies.
Emerging market economies have a number of structural features that cannot easily be captured by minor variations of such models. Features that are typical to these economies include incomplete and underdeveloped financial markets, low levels of financial access, and weak monetary transmission mechanisms. These factors make the effectiveness of monetary policy and even its effects on real and nominal variables harder to discern in conventional theoretical settings.
An additional dimension that has only recently started getting attention in academic circles concerns the distributional consequences of monetary policy. While there is a lively debate about the magnitude of these effects in advanced economies, distributional consequences of monetary policy are likely to be of first-order importance in emerging market economies, given their underdeveloped financial systems. Incomplete financial markets, coupled with insufficient access to formal financial institutions, limit households' ability to insure against household-specific or sector-specific shocks and magnify the distributional effects of aggregate macroeconomic fluctuations.
In this paper, we develop a theoretical model that allows us to simultaneously evaluate the aggregate and distributional effects of different monetary policy rules in a small open economy setting. The features that we incorporate into the model make it especially relevant for the analysis of monetary policy in emerging market economies. The main features include heterogeneous households, incomplete financial markets, and two sectors-tradable and nontradable goods. While tradable goods prices are set in international markets, nontradable goods prices are sticky.
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To motivate our analysis, we focus on a specific contemporary policy issue that central 1 Although our analysis focuses on middle-income emerging market economies, the features noted here and the results in the paper apply equally, if not more forcefully, to low-income developing economies. 1 bankers in emerging market economies face, that is, nominal exchange rate management.
While many of these economies have chosen to abandon fixed exchange rate regimes, the level and volatility of nominal exchange rates are still a major concern for their central bankers. Emerging markets often face sharp exchange rate volatility in the short run due to shocks to their terms of trade, productivity, and, more recently, the impact of unconventional monetary policy actions of advanced economy central banks.
As a result, central bankers in emerging market economies, fearful of exchange rate overshooting in the short run and the effects this could have on the competitiveness of their exports, have attempted to limit nominal exchange rate appreciation. Many of them adopt a policy of "leaning against the wind" to limit what they view as excessive exchange rate volatility but otherwise not actively resisting currency appreciation (or depreciation). Some countries have also tried to delay real exchange rate appreciation in order to protect the export competitiveness of their tradable goods sectors.
This policy choice has significant distributional consequences, particularly on account of financial frictions and household heterogeneity in emerging market economies. When the interests of households in the tradable goods sector are given prominence-perhaps for political economy reasons related to protecting jobs in that sector-a policy attempting to keep the nominal exchange rate stable can in principle help stabilize relative prices and increase the welfare of workers in this sector. However, this policy tends to be more tolerant of inflation and can have negative consequences for workers in the nontradable goods sector and could even reduce aggregate welfare.
We find that nominal exchange rate management in response to productivity shocks in the tradable goods sector does indeed improve the short-run welfare of households in that sector. But this comes at the expense of the welfare of households in the nontradable goods sector. Interestingly, we find that these welfare effects are reversed in the long run.
Nominal exchange rate management increases the volatility of tradable goods households' consumption, reducing their long-run welfare. Moreover, when the central bank attempts to stabilize the nominal exchange rate in response to other shocks-such as productivity shocks in the nontradable goods sector or foreign interest rate shocks-the welfare of households in the tradable goods sector and aggregate welfare are negatively affected both in the short run and in the long run.
Extended versions of the model enable us to consider the effects of different monetary policy rules against the background of a broader range of other policy settings. In the presence of capital controls, exchange rate management can deliver even sharper shortrun consumption benefits to households in the tradable goods sector relative to inflation targeting. But long-run welfare costs for these households also rise on account of higher consumption volatility. Flexible inflation targeting, which incorporates a measure of the output gap in the monetary policy rule, leads to similar results. We also find that fiscal policy, through a set of targeted taxes and transfers, can more efficiently achieve similar distributional effects as exchange rate management.
Related literature
Our work builds upon three existing strands of research: distributional effects of monetary policy in advanced economies; heterogeneous agent models; and the new open economy macroeconomics.
Interest in the distributional effects of U.S. monetary policy has been revived by a handful of important new papers. In an early contribution, Romer and Romer (1999) examine the effects of inflation on the poor. They document that inflation and macroeconomic instability are correlated with increases in inequality. Erosa and Ventura (2002) , Doepke and Schneider (2006) , Terajima (2011), and Selezneva (2015) analyze the channels through which inflation affects distribution. Coibion et al. (2012) argue that contractionary monetary policy increases inequality through two other channels-wage distribution and financial income. Gornemann, Kuester, and Nakajima (2014) find that accommodative monetary policy benefits "Main Street" at the expense of "Wall Street" in large downturns, but on average the effect is the opposite. Brunnermeier and Sannikov (2012) In order to study distributional effects, heterogeneity across households is an important feature that needs to be included in our model. One approach is to introduce idiosyncratic labor income shocks as in Krusell and Smith (1998) . Alternative approaches to modeling heterogeneity include the assumption of differential access to financial markets, as in Galí, López-Salido, and Vallés (2004) . Recent progress in examining the distributional effects of fiscal and monetary policies using heterogeneous-agent models can be found in McKay and
Reis (2015) and Gornemann, Kuester, and Nakajima (2014) .
The two strands of literature discussed above mainly focus on closed economies in theoretical work and on the U.S. and other advanced economies in empirical work. Our contribution is to extend this work to a small open economy setting relevant for emerging markets and to assess both the distributional and aggregate effects of different monetary and exchange rate policies in such economies.
The new open economy macroeconomics literature serves as our modeling foundation. Recent examples of the dynamic stochastic general equilibrium (DSGE) framework we employ in the paper can be found in Clarida, Galí, and Gertler (2002) . 3 In particular, we adapt the modeling framework of Galí and Monacelli (2005, 2008) , who develop a small open economy model with nominal rigidities. Engel (2011) shows that optimal policy needs to target CPI inflation, the output gap, and currency misalignment. The instrument rule derived in that setup does not include either the output gap or the measure of currency misalignment. In a small open economy setting, Kollmann (2002) and Leitemo and Söderström (2005) 
Households
The economy consists of a continuum of infinitely-lived households of two types: (i) measure λ > 0 of households working in the tradable goods sector, and (ii) measure 1−λ of households working in the nontradable goods sector. Prices of tradable goods are flexible and set in the foreign currency, determined in international markets, and taken as given from the home economy's point of view. Prices of nontradable goods are set by monopolistically competitive firms, denominated in the domestic currency, and sticky.
We assume that labor is immobile across the tradable and nontradable goods sectors.
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The representative household, denoted by the superscript i, is indexed by T (tradable sector) and N (nontradable sector). Household i maximizes the discounted stream of utility:
where σ is the risk aversion coefficient, the parameter ψ is the inverse of the Frisch elasticity, and φ i is the scaling factor. The consumption index is defined as 
The parameter a ∈ (0, 1) denotes the share of domestically produced goods in the tradable goods consumption index, and η ∈ (0, +∞) is the elasticity of substitution between domestically produced and imported tradable goods. The composite nontradable good C i N,t is a continuum of differentiated goods, given by
The parameter ε > 1 represents the elasticity of substitution between any two differentiated nontradable goods.
Budget constraints and financial markets
This section highlights the key difference between our model and those of previous authors who have studied monetary policy. With complete financial markets, heterogeneous house-7 holds can share risk arising from sector-specific shocks (or shocks that have asymmetric effects across sectors), implying that monetary policy has no distributional consequences.
This assumption is unrealistic in the context of emerging market economies, where financial frictions are pervasive and a large share of households do not have access to formal financial markets.
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Since most of these households work in the informal sector that mainly produces nontradable goods, we assume that households working in this sector lack access to financial markets and simply consume their wage income in each period. So these households are akin to "rule of thumb" consumers.
7 A representative household in the nontradable sector maximizes its lifetime utility given by equation (1) subject to the budget constraint:
where the right hand side is the total value of output in the nontradable goods sector. W N,t is the nominal wage in the nontradable goods sector and Π N,t represents profits earned by firms in this sector. The total expenditure needed to attain a consumption index C N t is given by P t C N t where P t is defined as
P T,t denotes the price of tradable goods and is given by
P N,t , the price index of nontradable goods, is defined as 6 Demirgüç- Kunt and Klapper (2012) find that a majority of households in most emerging market economies lacks access to the formal financial system. By contrast, in advanced economies nearly all households have such access.
7 As discussed below, there is no physical capital in the model and no alternative storage technology either that would allow for intertemporal consumption smoothing by households that have no access to financial markets.
Households in the tradable goods sector receive labor income and can buy one-period nominal bonds and foreign bonds to smooth their consumption. A representative household in this sector maximizes lifetime utility given by equation (1) subject to the following budget constraint is the labor supply in this sector.
Production
Firms in the tradable goods sector use a linear technology in labor Y H,t = A H,t L T t , subject to a common productivity shock A H,t . Firms in this sector are price takers. Import prices are exogenous and follow the law of one price. The terms of trade, which links import and export prices, determines the export price. Thus, P H,t = S t P F,t , where S t is the terms of trade. The zero profit condition then determines labor demand and wages.
Similarly, firms in the nontradable goods sector use a linear technology in labor
and are subject to a common productivity shock A N,t . Following Calvo (1983) , we assume that a fraction θ ∈ (0, 1) of firms cannot change their price in each period. The remaining firms choose the optimal reset price to maximize their discounted future profits:
where M C denotes the marginal cost of production in nominal terms.
Monetary policy
We define aggregate inflation as π t = P t /P t−1 , inflation in the nontradable goods sector as π N,t = P N,t /P N,t−1 , and tradable goods sector inflation as π T,t = P T,t /P T,t−1 . The steady state is characterized by constant prices (zero inflation) and no price stickiness in the economy.
The central bank sets the short-term nominal interest rate R t according to a simple inflation targeting rule, with a possible additional response to exchange rate fluctuations (see, e.g., Lubik and Schorfheide, 2007) :
whereπ andR are the steady state values of inflation and the nominal interest rate, respectively. The term ρ represents the central banker's preference for interest rate smoothing.
9 φ π and φ e are the weights assigned by the central banker to the deviations of inflation from its steady state level and to the fluctuations of the nominal exchange rate. 10 Setting the parameter φ e to zero implies a pure inflation targeting regime, wherein the central banker is not concerned about the level of the exchange rate except insofar as it affects inflation. We set inflation targeting as the benchmark rule and then conduct policy experiments to study 9 Interest rate smoothing behavior by central banks and its benefits are well documented (Clarida, Galí, and Gertler, 1998) . Mohanty and Klau (2005) find that emerging market central banks also put substantial weight on interest rate smoothing. The formulation of the monetary policy rule with interest rate smoothing is similar to that used by Clarida, Galí, and Gertler (1999) .
10 Technically, one could also write down a policy rule that includes the deviation of the exchange rate from its steady state level rather than changes in the level of the exchange rate. However, this would be harder to interpret and operationalize in an environment where nominal and real shocks can continuously affect the steady state level of the nominal exchange rate. The formulation in equation (12) is in line with the stated objective of many emerging market central banks that describe their policy as "leaning against the wind" to limit sharp short-run exchange rate volatility. In any event, the results were qualitatively similar when we used deviations of the nominal exchange rate from its steady state level in the policy rule.
the distributional effects of alternative monetary policy rules that put different weights on the exchange rate.
Exogenous shock process
We assume that productivity shocks in the tradable and nontradable goods sectors follow AR (1) Productivity shock, tradable goods: log
Productivity shock, nontradable goods: log
Terms of trade shock, exports: log
Foreign interest rate shock: log
In the baseline model, we focus on productivity shocks in the tradable goods sector as that is central to the questions posed in this paper and is a common phenomenon among emerging markets relative to their trading partners.
Policy evaluation
Given our objective of determining the distributional effects of different monetary policy rules, we need suitable metrics to evaluate both the short-term and long-term effects of specific policy choices in response to particular sources of shocks.
To evaluate short-term effects, we rely on impulse response functions and use consumption as a direct measure of welfare. For instance, given a one standard deviation positive productivity shock in the tradable goods sector, we calculate the accumulated consumption gains or losses for a specific type of household for a sufficiently long period of time T when the central bank uses an alternative policy rule (relative to the baseline policy rule). In other words, the cumulative difference between the two impulse responses represents the short-term effects of different monetary policy rules on households' consumption.
To measure long-run effects, we compare welfare levels of a representative household in a given sector under alternative policy rules relative to the baseline rule. The long-run effects of alternative monetary policy rules can be quite different from their short-run effects because the former involve an evaluation of unconditional welfare in an economy facing continuous symmetric productivity shocks.
We compute the second-order accurate consumer welfare measure under different monetary policy regimes as in Schmitt-Grohé and Uribe (2004 Uribe ( , 2007 . Welfare of households in the tradable goods sector is denoted by V T t and that of households in the nontradable goods sector is denoted by V N t . Aggregate welfare in the economy is defined as the populationweighted sum of the welfare of the two types of households:
We define ω, the welfare gain from adopting an alternative policy rule, as the fraction that has to be added to the inflation targeting regime's (denoted by r) consumption process to yield a level of aggregate welfare equivalent to that under regime a. That is,
A positive value of ω means that welfare is higher under the alternative policy rule. The welfare gain ω is given by
where
]. A value of ω * 100 = 1, represents a gain of one percentage point of permanent consumption under the alternative policy rule relative to the baseline.
Parameter selection
Parameter selection for the model is a challenging task. There is no consensus on the values of some parameters and those used in the literature are mostly based on micro data from advanced countries. We pick baseline parameters from the existing literature and then do extensive sensitivity analysis with respect to the choice of key parameters. Values of the key model parameters are summarized in Table 1 . The time period in our model is equivalent to one quarter and we pick parameters corresponding to this frequency.
We choose β = 0.99, which amounts to an annual real interest rate of 4 percent. We use σ = 2 as the baseline value of the risk aversion parameter, a value commonly used in the literature on emerging market economies (Aguiar and Gopinath, 2007; Devereux, Lane, and Xu, 2006; García-Cicco, Pancrazi, and Uribe, 2010) . The share of home-produced tradable goods, denoted by a, is set to be 0.7. This implies that, in the steady state, 70 percent of all tradable goods consumed in the home country are produced domestically. The consumption weight of tradable goods b is set to be 0.6. The value chosen for a is common in the open economy literature (Obstfeld and Rogoff, 2001 ) and we use the combination of the shares of the agricultural and manufacturing sectors in emerging market economies to approximate b. We set the probability that a price in the nontradable goods sector does not adjust in a given period (θ) at 0.66 (Rotemberg and Woodford, 1997) . This implies that prices in that sector remain fixed for a mean duration of 3 quarters, consistent with the micro evidence for both advanced economies and emerging markets.
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An important set of parameters in our model concerns the elasticities of substitution across different varieties of nontradable goods, between tradable and nontradable goods, and across different countries. 12 The elasticities of substitution between home-and foreignproduced tradable goods and across different foreign countries are assumed to be 2 (Obstfeld and Rogoff, 2005, 2007) . The elasticity of substitution between tradable and nontradable goods is set at 0.6 based on the existing literature (Mendoza, 1995; Lane and Milesi-Ferretti, 2004 ). The elasticity of substitution across different varieties of nontradable goods, ε, is set to 11, implying a steady state mark-up of 1.1 (Clarida, Galí, and Gertler, 1999, 2002) .
For our benchmark case, the Frisch elasticity (1/ψ) is assumed to be 2/3 (in other words, ψ = 1.5).
13 For the monetary policy parameters, we follow Clarida, Galí, and Gertler (1998) and choose ρ = 0.75 and φ π = 1.5. We set the values of the AR (1) coefficients at 0.9
for productivity shocks to both the tradable and nontradable goods sectors, consistent with the literature (e.g., Aguiar and Gopinath, 2007) . The volatility of productivity shocks in emerging market economies is higher than in advanced countries (García-Cicco, Pancrazi, and Uribe, 2010). We set the standard deviation of the tradable goods sector productivity shock at σ 
Baseline Results
We now present the main results of the model and evaluate the short-run and long-run consequences, both at the aggregate level and across different types of households, of adopting different monetary policy rules. The baseline policy rule for the central bank is inflation targeting.
14 Two alternative policy rules are also considered. First, nominal exchange rate smoothing, which is akin to the "leaning against the wind" approach ostensibly adopted by 13 Estimates of this parameter range from 0.25 to 1. Given the gap between macro-and micro-level estimates of labor supply elasticity and the informal nature of labor markets in developing countries, we set the baseline labor supply elasticity to be slightly higher than the common value used for developed countries.
14 The version of inflation targeting that we consider is in effect "strict" headline inflation targeting as it does not include other variables such as the output gap and wage inflation in the central bank's policy rule. We consider flexible inflation targeting later in the paper. many emerging market central banks. Second, a fixed nominal exchange rate.
Short-run effects
To understand the dynamics of key variables in the model, we begin by analyzing their responses to a positive productivity shock in the home economy's tradable goods sector.
This shock is to be interpreted as a country-specific productivity shock that is transitory but persistent and, in most models including this one, induces a real exchange rate appreciation.
Given the lack of a well-defined welfare criterion when we focus on just the short run, our approach is to evaluate the effects of different policy rules on the consumption patterns of the two types of households in response to the productivity shock. households is higher under inflation targeting compared to any degree of exchange rate management. These distributional effects are monotonic in the weight ascribed to the nominal exchange rate in the central bank's policy rule, with the effects being largest in the case of a fixed exchange rate. As expected, the real exchange rate eventually adjusts through higher inflation and there is no difference in the long-run path of the real exchange rate independent of the policy rule.
Why do households in the tradable goods sector do better under a policy rule that involves nominal exchange management rather than inflation targeting? These households do not enjoy the benefits of higher productivity in the tradable goods sector as much as households in the nontradable goods sector because the shock leads to a sharp increase in the relative price of nontradable goods. A temporary increase in the productivity of tradable goods production drives up the relative price of nontradable goods through two channels:
an increase in the price of nontradable goods and a decrease in the price of tradable goods.
Since the price of tradable goods is determined in international markets and priced in the foreign currency, the nominal exchange rate directly pins down its price in domestic currency.
When the monetary policy rule involves pure inflation targeting, the home currency appreciates following the positive productivity shock, leading to a drop in the price of tradable goods. As a result, the relative price of nontradable goods tends to rise even more. By contrast, if the central bank offsets or dampens nominal exchange rate appreciation, tradable goods prices do not adjust as much and the burden of relative price adjustment falls to the nontradable goods sector. Price stickiness in that sector implies that the increase in nontradable goods' prices is more gradual, so the relative price of nontradable goods adjusts more slowly. Thus, households in the tradable goods sector enjoy a relatively more favorable relative price and achieve higher consumption levels in the short run, compared to the scenario of an inflation targeting central bank. In fact, the more the central bank manages the nominal exchange rate, the smoother the relative price will be and the higher the consumption gain of households in the tradable goods sector relative to the inflation targeting case.
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This process, despite its similarity to the traditional Balassa-Samuelson effect, differs in the underlying mechanism. In the Balassa-Samuelson framework, higher productivity growth in the tradable goods sector pushes up wages in that sector and, in order to equalize wages across sectors, the relative price of nontradable goods must rise. In our model, a temporary increase in productivity in the tradable goods sector drives up the relative price of nontradable goods not through wage equalization, since labor is assumed to be immobile, but through households' consumption demand for tradable and nontradable goods.
Long-run effects
Next, we turn to an evaluation of the long-run effects of different policy rules using the welfare criterion defined in Section 2.6. Table 2 shows the implications under different policy rules for both short-run consumption paths and long-run welfare. While targeting the nominal exchange rate provides short-term benefits to households working in the tradable goods sector relative to those working in the nontradable goods sector, the long-run welfare effects are, surprisingly, reversed. In the long run, households working in the tradable goods sector do worse under either of the policies that involve exchange rate management. Under a fixed exchange rate, the welfare of households in the traded goods sector is lower by 0.12 percent of lifetime consumption relative to a pure inflation targeting regime. By contrast, households working in the nontradable goods sector do marginally better in the long run when the central bank does not follow pure inflation targeting. More interestingly, aggregate welfare of households in the economy is also slightly lower when the central bank manages the nominal exchange rate. When the central bank's policy rule involves a fixed exchange rate rather than exchange rate smoothing, these results all go in the same direction and are stronger.
A key point to keep in mind is that the short-run effects on consumption are based on a scenario where there is a transitory positive shock to productivity in the tradable goods sector. So our statements about consumption paths in the short run are conditional on that specific shock. When conducting welfare evaluations in the long run, we of course need to consider random productivity shocks, both positive and negative. In this case, a monetary policy rule that attempts to stabilize the nominal exchange rate magnifies the volatility of consumption of households in the tradable goods sector but reduces consumption volatility for households in the nontradable goods sector. Since long-run welfare levels in our model depend crucially on the volatility of consumption, households working in the tradable goods sector paradoxically attain a lower level of welfare if monetary policy deviates from pure inflation targeting.
In short, a policy of stabilizing the exchange rate in order to benefit households in the tradable goods sector in the short run can, in the long run, generate unfavorable consequences for those very households and for the economy as a whole.
Sensitivity analysis
As noted earlier, it is difficult to pin down the values of certain parameters in our model due to the dearth of relevant empirical evidence for emerging market economies. We now report sensitivity tests to evaluate the impact of a few key parameters on both short-run and longrun distributional effects. This exercise also provides further insights into the mechanisms underlying our key results.
The distributional effects are most significant when the elasticity of substitution between tradable and nontradable goods is smaller, the share of tradable goods sector output is not large, and the Frisch elasticity of labor supply is high. Our key conclusions concerning the distributional consequences of alternative monetary policy rules are preserved across a broad range of values for these key parameters.
Elasticity of substitution between tradable and nontradable goods
The elasticity of substitution between tradable and nontradable goods (ξ) determines how responsive the relative price of nontradable goods is to productivity shocks in the tradable goods sector. When the elasticity of substitution is low, a temporary increase (decrease) in the supply of tradable goods when that sector experiences a positive productivity shock is likely to drive up (down) the relative price of nontradable goods to a greater extent. As a result, the distributional effects of monetary policy are also likely to be larger.
As shown in Table 3 (Panel A), the sizes of both short-run and long-run effects of nominal exchange rate management depend on this elasticity of substitution. When the elasticity is lower, the short-run consumption gains of households working in the tradable goods sector and short-run consumption losses of households working in the nontradable goods sectors both increase. Similarly, the absolute values of long-run welfare effects are also larger when the elasticity is lower. The short-run aggregate effects do not change much with variations in this parameter, but the long-run negative welfare effects of exchange rate management relative to inflation targeting tend to be larger the lower is this elasticity.
Share of tradable goods sector output
The share of tradable goods sector output (b) affects the relative share of tradable goods in the final consumption bundle and, consequently, influences relative price fluctuations. As shown in Table 3 (Panel B), both the short-run consumption gains and the long-run welfare losses from the central bank's exchange rate management are smaller (in absolute terms) for households working in the tradable goods sector when the share of tradable goods sector output is higher. The reason is that as the tradable goods sector accounts for a larger share, the home economy converges to a flexible price economy in which monetary policy does not have real effects. By contrast, as the relative size of the tradable goods sector falls, the shortrun consumption gains and long-run welfare losses for households working in this sector both become larger. Aggregate short-run consumption gains and long-run welfare losses behave similarly.
When the relative size of the tradable goods sector increases, aggregate inflation is more sensitive to exchange rate policy because tradable goods prices are determined by the nominal exchange rate. This increases the impact of nominal exchange rate management on households working in the nontradable goods sector. The model confirms this intuition as the short-run consumption losses and long-run welfare gains of households working in the nontradable goods sector increase when b is larger.
Frisch elasticity of labor supply
The Frisch elasticity is the elasticity of labor supply conditional on a fixed level of consumption. In the model, it is given by the inverse of the parameter φ. In Table 3 (Panel C), we compare the short-run consumption and long-run welfare levels under different values of ψ.
The results are intuitive. The sizes of the short-run and long-run effects are larger when the Frisch elasticity of labor supply is higher (corresponding to a smaller ψ).
When the Frisch elasticity of labor supply is higher, households' labor supply is more responsive to changes in real wages. Consequently, when the central bank manages the nominal exchange rate, the real wage for households working in the tradable goods sector is higher for a given positive productivity shock, so the gain in consumption is also higher as the labor supply response is stronger. For the same reason, the consumption loss for households working in the nontradable goods sector is higher.
Extensions
In this section, we discuss a few extensions to the model that enable us to study a broader range of policy questions. First, targeting the real exchange rate leads to almost identical short-run and long-run effects as targeting the nominal exchange rate. Second, we find that the distributional effects of nominal exchange rate management are larger when the economy is subject to controls on cross-border capital flows. We also find that a fixed exchange rate delivers worse outcomes relative to inflation targeting even in the short run-both for households in the tradable goods sector and the aggregate economy-when the economy faces positive shocks to productivity in the nontradable goods sector or to foreign interest rates.
It is important to emphasize here that we cannot compare consumption and welfare gains or losses across different versions of the basic model since they have different steady states.
Our comparisons are about the effects of different monetary policy rules conditional on a particular model setting. 20 4.1. Real exchange rate management Calvo, Reinhart, and Vegh (1995) document that emerging market central banks often try to target the real exchange rate, even though such targeting is only effective temporarily and could even generate aggregate instability (Uribe, 2003) . Nevertheless, in the short run, real exchange rate changes do tend to be closely correlated with the nominal exchange rate changes (see, e.g., Burstein and Gopinath, 2014) . To evaluate the implications of real exchange rate targeting, we modify the baseline interest rate rule in equation (12) to include the change in the real exchange rate rather than the nominal exchange rate:
where q e t is the real exchange rate.
In Table 4 (Panel A), we compare the short-run and long-run effects of targeting the nominal and real exchange rates, with inflation targeting being the benchmark rule. There is little difference between the two exchange rate targets. In the short run, prices are sticky, so the two exchange rates are correlated and the corresponding interest rate rules suggest similar policy rates. In technical terms, because log(q e t /q e t−1 ) = log(e t /e t−1 ) − π t , the only difference between targeting the real and nominal exchange rates is the implied response of inflation. In the long run, prices become flexible, so there is no difference in welfare outcomes between the two targeting rules.
Capital controls
Emerging market economies often supplement monetary policy with capital controls to reduce capital flow and currency volatility, and also to make it easier to manage the exchange rate. These controls can take the form of bureaucratic restrictions on international capital flows (Chang, Liu, and Spiegel, 2015) , a tax on international financial transactions (Jeanne and Korinek, 2010; Gabaix and Maggiori, 2015) , or simply a wedge in the uncovered interest parity equation (Farhi and Werning, 2014) .
We introduce capital controls in a manner similar to Chang, Liu, and Spiegel (2015) by setting the parameter ψ B , which represents the one-period portfolio holdings cost for foreign bond holdings, to be 1 for the case with capital controls. This is a plausible value for this parameter based on the estimates of García-Cicco, Pancrazi, and Uribe (2010) . Under the capital controls scenario, households working in the tradable goods sector face a higher cost in smoothing consumption intertemporally using foreign bonds. This renders the relative price between tradable and nontradable goods more responsive to productivity shocks as well as alternative monetary policy rules. (Table 2) , the distributional effects are stronger under capital controls. Notably, not only are these effects stronger for both types of households, the aggregate effects are also larger. In other words, while policymakers have a stronger incentive to use monetary policy to achieve distributional objectives in the short run, this comes at a higher cost in terms of aggregate welfare in the long run.
Fiscal policy
As Instead, fiscal policy is often the more efficient and direct policy instrument for redistribution across households. 17 The tax and transfer system in emerging market countries is typically not sophisticated enough to allow for state-contingent direct transfers that can help complete financial markets and achieve perfect risk-sharing. Nevertheless, there are simple fiscal tools that are feasible to implement and could attain some of these benefits.
In particular, we study the impact of a proportional tax and subsidy on nontradable goods and compare their short-run and long-run effects with the effects of nominal exchange rate targeting. Our interest here is in analyzing how fiscal and monetary policies interact in a small open economy setting with financial frictions in determining distributional effects of various shocks. This allows us to make a normative statement about whether fiscal policy would be a more effective tool than monetary policy even if the government's focus is on achieving specific distributional objectives.
To be more specific, we consider alternative fiscal policy regimes with different tax rates 17 Farhi, Gopinath, and Itskhoki (2014) show that a small set of conventional fiscal instruments can robustly replicate the real allocations attained under a nominal exchange rate devaluation in a dynamic New Keynesian open economy environment. However, theirs is a one-sector model without financial frictions or heterogeneous households. Schmitt-Grohé and Uribe (2011) show that, in a model with downward wage rigidity and inelastic labor supply, a payroll tax subsidy can replicate the effects of a nominal devaluation. Correia, Nicolini, and Teles (2008) and Correia et al. (2013) show that fiscal instruments can replicate the effects of optimal monetary policy. This section of our paper is related to these papers, but none of them deals with distributional issues. on nontradable goods: the baseline case with no taxes; a 3 percent tax on nontradable goods, with the proceeds of the tax distributed in a lump sum fashion across all households in the economy; and a 3 percent subsidy on nontradable goods, with the subsidy financed through a lump sum tax on all households. The tax/subsidy is set as a wedge between labor wages and goods prices. Furthermore, to facilitate comparison between policy regimes, there is a direct transfer between households to keep their respective steady-state consumption levels unchanged from the baseline case. Thus, the shift in relative prices is the main channel through which fiscal policy has short-run effects. Regardless of the fiscal policy setting, the monetary policy rule is pure inflation targeting.
The results are summarized in Table 4 (Panel C). A tax on nontradable goods has distributional effects that are similar to nominal exchange rate targeting. The imposition of taxes on nontradable goods implies that households working in the tradable goods sector will be better off after a positive productivity shock to that sector on account of the relative price effect. By contrast, households working in the nontradable goods sector have lower short-run consumption under this regime. The results are reversed but symmetric when there is a subsidy on nontradable goods. While the short-run effects are similar to a policy of targeting the nominal exchange rate, the long-run welfare effects are different. In fact, fiscal policy is close to welfare neutral, both at the household and aggregate levels because the constant sales tax (or subsidy) on nontradable goods does not affect households' intertemporal choices.
The implication is that fiscal policy can in principle be more effective than exchange rate policy for attaining distributional objectives. While previous authors have made the point that fiscal policy can do better than exchange rate policy (or can serve as a substitute when there are constraints on exchange rate management) in an open economy setting, our contribution here is to show that this is true even when the objectives are related to distributional rather than aggregate consequences.
Flexible inflation targeting
In practice, emerging market central banks set interest rates to manage not just inflation and the exchange rate but also the output gap (the deviation of output from its steady state or trend level). In a specific setting that incorporates local currency pricing, Engel (2011) finds that the optimal instrument rule involves responding only to the deviation of inflation from its target level even if the central bank cares about inflation, output, and exchange rate misalignment. Nevertheless, it is relevant in a more general setting to consider flexible inflation targeting as the baseline for assessing the distributional effects of nominal exchange rate management. This is consistent with the basic formulation of the Taylor (1993) rule for monetary policy.
To this end, we modify the interest rate rule in equation (12) to include a positive weight on the output gap. This yields the following operational rule for monetary policy:
where φ y is the output gap response coefficient, Y t represents output in period t, and Y denotes steady-state output. Since a period in our model is equal to one quarter, we set φ y to 0.125 as the baseline value. As discussed in Galí (2015) and Smets and Wouters (2007) , this matches the annualized coefficient value proposed in Taylor (1993) .
We summarize the results from this more general formulation of monetary policy rules in Table 4 (Panel D). The baseline is flexible inflation targeting and the output gap term also enters the exchange rate smoothing rule but does not appear in the fixed exchange rate rule.
The short-run distributional effects of exchange rate targeting rules relative to the baseline are larger when the central bank responds to the output gap. The reason is that a positive productivity shock now leads to a positive output gap, which drives up the interest rate and, consequently, the nominal exchange rate as well. Hence, exchange rate management now involves large short-run consumption gains for households in the tradable goods sector relative to the baseline rule. Households in the nontradable goods sector, by contrast, do significantly worse in the short run relative to the baseline rule because the adjustment of relative prices between tradable and nontradable goods is less favorable to them.
As expected, the long-run welfare effects are similar to the baseline experiments with strict inflation targeting, with the welfare of households in the tradable goods sector and aggregate welfare both lower when the central bank incorporates the exchange rate in its operational rule. The long-run welfare effects again mostly reflect the consumption volatility channel as nominal rigidities play no role in the long run.
Alternative shocks
When the central bank uses monetary policy to achieve certain distributional objectives, it commits to a particular policy rule. However, this may have unexpected consequences when the economy is hit by shocks other than the productivity shocks to the tradable goods sector that we have emphasized up to this point. We now examine the short-run and long-run effects of nominal exchange rate management when the economy faces three other types of shocks. 18 The results discussed below are summarized in Table 5 .
Productivity shocks in the nontradable goods sector
We first consider a scenario in which the economy only faces productivity shocks in the nontradable goods sector (see first two rows of Table 5 ). In this case, relative to inflation targeting, nominal exchange rate management has adverse consequences for households in the tradable goods sector both in the short run and the long run. A positive productivity shock in the nontradable goods sector drives down the relative price of nontradable goods, leading to higher consumption for households in the tradable goods sector. Following the same mechanism as in the baseline model, nominal exchange rate management slows down the adjustment in the relative price compared to a policy of inflation targeting, thus hurting households working in the tradable goods sector and benefiting those working in the nontradable goods sector. Under a fixed exchange rate, households in the traded goods sector face a consumption loss of 0.34 percent (over 16 quarters) relative to pure inflation targeting;
over the long run, their welfare loss amounts to 0.16 percent of lifetime consumption.
Terms of trade shocks
Terms of trade fluctuations are important in driving fluctuations in emerging market economies (see, e.g., Mendoza, 1995) . In the second panel of Table 5 (third and fourth rows), we examine the distributional effects of monetary policy when the home economy faces terms of trade shocks. A higher terms of trade implies a higher price of home-produced tradable goods in the foreign currency. Hence, targeting the nominal exchange rate implies a higher relative price of tradable goods than is the case with inflation targeting. This benefits households working in the tradable goods sector in the short run. However, the long-run welfare consequences of the particular choice of policy rule are minimal when the economy is exposed to these shocks because import and export prices are perfectly flexible.
Foreign interest rate shocks
Emerging market economies are exposed to foreign interest rate shocks that have significant effects on their business cycles and exchange rate fluctuations. 19 When dealing with such shocks, we find that a fixed exchange rate benefits households working in the nontradable goods sector but hurts households working in the tradable goods sector both in the short and long run (see Table 5 , last two rows).
A temporary increase in the foreign interest rate tends to cause the domestic currency to depreciate and drive up the demand for home-produced tradable goods. 
Concluding Remarks
In this paper, we developed a two sector, heterogeneous agent model with incomplete financial markets that allowed us to jointly examine the distributional effects as well as aggregate welfare implications of alternative monetary policy rules. The features that we incorporated in the model-incomplete financial markets, sticky prices in the nontradable goods sector, limited labor mobility across sectors-make it especially relevant for the analysis of monetary policy in emerging market economies.
Our main result is that, relative to pure inflation targeting, exchange rate management has a positive effect on the short-run consumption of households in the tradable goods sector when that sector faces productivity shocks. Indeed, political pressure from the tradable goods sector, fearful of a loss of external competitiveness due to exchange rate appreciation, is often a key reason why emerging market central banks try to manage the nominal exchange rate.
However, we find that such a policy can actually reduce the welfare of households in the tradable goods sector in the long run as it increases their consumption volatility. Moreover, 20 Some authors have argued that emerging market economies face highly persistent foreign interest rate shocks (see, e.g., García-Cicco, Pancrazi, and Uribe, 2010; Chang, Liu, and Spiegel, 2015) . Allowing for more persistent foreign interest rate shocks magnifies the effects discussed in this sub-section.
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such a policy can have negative aggregate welfare consequences even in the short run.
The model could be extended to better capture the complex policy choices that emerging market central bankers face (Prasad, 2014) . For instance, incorporating physical capital in the model would provide an alternative channel for intertemporal consumption smoothing but would at the same time sharpen the policy dilemmas as interest rate changes intended to keep the exchange rate stable could magnify domestic macroeconomic fluctuations. Another extension would be to allow for the common practice of sterilized intervention in foreign exchange markets in order to evaluate the distributional effects of alternative strategies for exchange rate management. We leave such extensions to future work. Notes: This table shows the short-run consumption gains (or losses) and long-run welfare gains from two policy rules-exchange rate smoothing and a fixed exchange rate-relative to a pure inflation targeting rule under different parameter values. The numbers are expressed in percent of cumulative consumption gains/losses over the short run (16 quarters) or percentage points of permanent consumption gains/losses relative to the baseline policy rule in the long run. "T households" refers to households working in the tradable goods sector; "NT households" refers to households working in the nontradable goods sector. In Panel C, the monetary policy rule is inflation targeting in the baseline and alternative scenarios. The latter two scenarios involve a 3 percent tax or subsidy, respectively, on nontradable goods. In Panel D, the baseline (inflation targeting) and exchange rate smoothing rules include an output gap term. The numbers are expressed in percent of cumulative consumption gains/losses over the short run (16 quarters) or percentage points of permanent consumption gains/losses relative to the baseline policy rule in the long run. "T households" refers to households working in the tradable goods sector; "NT households" refers to households working in the nontradable goods sector. Notes: This table shows the short-run consumption gains (or losses) and long-run welfare gains from two policy rules-exchange rate smoothing and a fixed exchange rate-relative to a pure inflation targeting rule when the home economy faces different types of shocks. The numbers are expressed in percent of cumulative consumption gains/losses over the short run (16 quarters) or percentage points of permanent consumption gains/losses relative to the baseline policy rule in the long run. "T households" refers to households working in the tradable goods sector; "NT households" refers to households working in the nontradable goods sector. 
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Nontradable goods sector households' budget constraints:
Tradable goods sector households' intertemporal Euler equation from domestic bonds holding:
Tradable goods sector households' intertemporal Euler equation from foreign bonds holding: 
Tradable goods sector households' optimal labor supply decision:
Nontradable goods sector households' optimal labor supply decision:
Firm Production
Cost minimization for firms in the tradable goods sector:
Output in the tradable goods sector is given by:
Optimal price-setting in the sticky price sector is given by:
The recursive formulation of the numerator G t :
The recursive formulation of the denominator F t :
The dynamics of price dispersion is given by:
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Output in the nontradable goods sector is:
Aggregate Economy
The definition of aggregate consumption is given by:
The definition of aggregate output is given by:
The market clearing condition for nontradable goods is given by:
Price, Inflation and Monetary Policy
Nontradable goods price index and relative prices:
Home-produced tradable goods price dynamics:
x H,t = x H,t−1 q e t q e t−1 s t s t−1
Foreign-produced tradable goods price dynamics:
x F,t = x F,t−1 q e t q e t−1
Price index in the Tradable goods sector is given by:
x T,t = x F,t as 1−η t + (1 − a) The definition of the relative price:
The definition of the real exchange rate: 
